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SUMMARY

Results of recent spin-tunnel tests on models of seven multi-
engine airplanes are summarized and a comparison is made with
corresponding results for representative single-engine alrplanea
loaded along the fuselage.

The miltiengine airplanes glve steep spins with high rates
of descent and high load factors. Movement of the elevators down
and of allerons aganinst the splin 1s especially effective for recovery.
The rudder may be relatively leas effective. For spins of single-
engine alrplanes loaded along the fuselage, the rudder is usually
the most effective control and the allerons should be moved with
the spin to ald recovery. The difference in characteristice of the
spins appears to be assoclated with the difference in mass distribution.

INTROIUCTION

Modern alroraft design has, in recent years, shown an increased
trend toward the multlengine ta'pe vith two or more engines mounted
in the wings. Instances have been reported where such aircraft have
been ilnadvertently spun, but pertinent date about the spins are
lecking. . The nature of the spin is of considereble interest and
1mportance, not only from the point of viéw of correct control
menipulation for recovery, but also from a consideration of the
structurel strength limitations of the alrplane.

During the past few years, routine spin-tunnel tests have been
conducted at the NACA on models of seven miltiengine aircraft. The
spins were observed to.have certain common characteristics that were,
as a whole, different from those gemerally cbtained with single-
engine alreraft loaded .along the fuselage. The purpose of the

__preaent paper is. to. summarize the quantitative date for the sevem

models end ta dlaquss the cha.moteristic differences. 'betwoen
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models of multiengine airplanes and of single-engine alrplanes
loaded along the fuselage and thelr spins. Some of the data presented
already have been treated qualitatively in referemce 1 in a dlscussion
of the effects of mass arrangements on splnning chracteristics. Some
British observations on the subject of spins of multiengine airplanes
ere included in reference 2. Extensive work with models of single-
:ngine alrplenes loaded along the fuselage is reported in references 3,
s and 5.

SYMBOLS

wing span, feet

ving area, square feet

n o

radius of gyration about the X exls, feet

radius of gyration about the Y axis, feet
. radius of gyration ebout the Z axis, feét

mess, alugs

computed radlus of spin, feet

aEE I

full-scale true rate of descent, feet per second

acute angle between thrust axis and vertical (approximetely
equal to angle of attack), degrees

f

§ . angle between lateral (span) axis and horizontal (positive
vhen the right wing is down), degrees

0 full-scale englular velocity about spin (vertical) axis,
radlans per second

o] demsity of alr at sea 1§vel, slugs per cubic foot
* DESCRIPTION OF AIRPLANES

The miltiengine airplene models tested (models 1 to 7), which
were all of the twin-englne type, are described in table I by means
of their approximate weights and their nondimensional design
characteristics. (All the airplanes were of the tractor type with
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the excepticn of modsl 2, which was of the pusher design.) FPhoto-

'graphﬁofthsmd.elamshovninfigmslto?. The average

values of the nondimensional design characteristics may be compared
to corresponding average values presented for five pursult-type
eirplenes typically representative of single-engine airplanes with
thé mags distributed chiefly.along.the fuselage. Comparison 1s
&lso made in the table with the. values for the model used-in the
teats of reference 3. The results in reference 3 are for a single-
engine model having a mass distribution similar to the average for

'-thefivesinsleenginepursuitmodelslomdmmal the

fuselage but having a lower velue of the relative denaity (m/pSb)

because lightly loaded trainers were not excluded in determining

the average conditlon,

. It has been noted that the essential differences between
fuselage loaded single~engine and mltiengine alrcraft are as follows:

{a)  In regard to external dimensionps:

(v)

The aspect ratio of the wing and the horizontal
tallplane 1s greater for multiengine alrcraft; that is,
if a single-engine end a miltiengine model are of the same
span, the multiengine model will have a smaller chord and
area for both the wing and the horizontal tailplene. The
miltlengine model will also have a smaller maximum fuselage
depth.

Multiengine alrcraft are more apt to have dual vertical
tall surfaces than are single-engine alrcraft. As a result,
the tail-damping power factor (as defined in reference 6) 18
likely to be higher for multiengine aircraft. Of the seven
miltiengine aircraft in table I, however, only four had dual
vertical tall surfaces.

Present-day miltispgine aircraft have 1argo nacelles
in the wing to house ths engines.

In regard to mess distribution:

The relative denslity 1s lower for mltiengine elrcraft.
This factor has been found (reference 5) to have a signifi~
cant effect on the spin, lower values of relative density
being associated with steoper spina. The low value of
relative density for the model of reference 3, which is
representative of older single-engine aircraft loaded along
the fusgelage, thms gave somewhat gteeper apins than would
have been obtained for the more recent fuselage-loaded
single~engine designs. For models of equel span the weight
and wing loading would be lower for the multiengine model .



It is apparent from the nondimensional expressions
for radii of gyration that more mass is distributed
along the wing and less along the fuselage for the
miltiengine type. The two values b/ky end b/ky,

e,ppear to be approximately interchanged for the two
ky® = ky°
b3
are therefore quite different for the two types of alrcraft,
being positive .for miltiengine alrcraft snd negative for
ailrcraft of single=-engine deslgn loaded chlefly along the
fuselage. This parameter determines, for a glven attitude
and rate of rotation, the inertia yawing moment acting
during a steady spin. (The actual values of the
individuel radli of gyration are significant only during
the unsteady part of the. motion, as during entry or
Iecovery . ) For multlengine d.esigns , the parameter 3

a.
u_ has a larger negative value, whereas Ez_rﬁ‘

b3

has a smaller positive value than the corresponding value
for single-engine alrcraft loaded along the fuselage.
These two parameters determine the rolling and pltching
inertie moments acting during the steady spin.

airplane designs and the values of the parameter

RESULTS

The equivalent spin eltitudes at which the models were tested

and the corresponding wing loading of each airplane represented
are given in- the followlng table:
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Heael | ‘AtrplEne | ioit aitisaae | ¥ine loading
. type (£%) (1v/8q £%)
1 YP.38 8,000 34.5
3 TIN-1 . 14,000 26.4
3 XFPEF-1 10,000 : 28.4
4 XB-AB-3 20,000 5.0
5 4-30 20,000 41.0
6 XP-50 " 13,000 34.4
'7 B-26 10,000 43 .4

The results; which are presented in chart 1, were
taken fron the original test reports and were obtalned as
described in reference 7.

. The load factor normal to the alrplane thrust axis is
computed as 1l/ein o on the assurptions that the result-
Ant asrodynanic force Iin a steady spin is approximately
nornal to the thrust axies and that the vertical conmponent
of the resultant force 1s equal to the weight of the air-
Plane.

The steady-spin characterlsticse were obtalned for
rudders fully with the spin and elevator and ailerons cov-
ering all combinations of posltions. BRecovery was gener-
ally attempted by reversal of rudders from fully with to
fully agalnet the spin.' In several instandes, recovery
vas attempted by reversal of elevator from full up to full
down, The data presented are for right spins. "Allerons
with the epin" means right aileron up in a right epin,

-Tha'outstanding results for each model are as followa:
"(a) Model 1
Model 1 descended in a steep spin at a rate

of speed in excess of 250 feet per seocond, full
scale, Becausa of the high speed, few quaptita-



. tive. data.wsre obtalned.. It wae noted that the

) . model would .regever within two turns by rudder

. {D)

(c)

(a)

reversal from the normal spln and that it would
not spin when the elevator was full down.

¥odel 2

Model 2 spun with elevasor up but would not
spin with elevator neutral or down. The spins
obtained were steep and hed a high rate of de-
scent (of the order of 250 ft/séc)., Aileron-
agalnet splns were steeper with a higher rate of
descent than alleron-with spins. The radiuse of
spln was about 15 percent of the span and the
load factor was about 2. The medel would not re-
cover by rudder reversal alone from the spins
obtained with elevator up. Fairly rapid recov-
ery could, however, be obtained by noving the el-
evator from the full-up to the full-down posi-
tion, the rudder bdeing left deflected wlth the
spin.

Model 3

The only control configurations for which
nodel 3 would spin were elevator up and ailerons
either neutral or with the spin. For ailerons
neutral the rate of descent was over 286 feet
per second, and for allerons with, the rate of
descent was 200 feet per second. For thies model

with the loading varied sonewhat frono noernal, a

test was nade which showed the turns for recov-
ery obtalned by elevator revoreal alone to be of
the same order of magnitude as those obtained by
rudder reversal alone.

Model 4

Hodel .4 spun steeply with a vertical veloc-
i1ty exceeding 300 feet per second for all alleron

‘g0ttings when the elevator wae full up and for

the allerocn-with setting when the elevator was
peutral, Indicatlons were that reversal of rud-

ders alone would not effect recovery, dbut that

mnoving ailerons and elevator againet the epin
would favof - recovery. .

~ " -
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(e) Model 5

Model 5 would sp:Ln for a.:L'Lerona with the gpin but
not for allerons against the spin. With ailerons neutral
the model would spin for elevator up but not for elevator
down. All spins obtalned were very steep with high rates
of descent. The load factors were about 2. The slowest
recovery was obtained when the ailerons were set with the
spin apd the elevator was up. ¥%hen all three controls
woere full with the spin, satisfactory recovery could not
be cbtained by reversal of either rudder alone or elevator
alone.

(£) Model 6

For normal control position, the spin of model 6
was steep with the rate of descent exceeding 300 feet
per seocond. For ailerons agalnst the spin or for
olevator neutral or-down the model would not spin. For
allerons with the spin and elevator up, a flatter spin
was obtalned. Recovery by rudder reversal alone from
this spin dld not .appear to be rapid. Klevator reversal
alone, however, seemed more effective.

(g8) Model 7

For model 7, the epins chtalned were very steep

sangle of attack ebout 25°) with very high rate of descent
exceeding 320 £t/sec). Setting ailerons against ‘the spin
reduced the tendency to spln, especlally for elevator down.
It was noted, however, that for this model, unlike the
case for the other models, e spin was obtalned for elevator
down and allerons neutral. This model differed from the
ot.hers ’ icularly in having a h:l.gher positive value of

b

dlstribution more nearly like that of alioraft of single-
englne type loaded along the fuselsge). The radius of

spin was from 0.1 to 0.3 of the span. Load factors obtained
were of the order of 2.5. The indications were that
recovery by rudder reversal alone would. be rapld except
from. spins with all three controls set full with the spin.
From this spin nelther rudder reversal nor elevator

reversal was effective for recovery.

kp? - X L S
and & negative value of ~—~—p¥~ (mass




DISCUSIION

. The resulis obtained for.all models were simllar in that
the spins with the ailerons full with the spin and the elevator
full up had the poorest reccvery characteristics. .Setting
allerons against the spin or moving the elevator down usually
led to a condition in which the model would not spin. This
result indicetes that the most effective contrecl manipulation
for recovery 1s to move all three controls to full against
the spin.

A1} obtainable spins were at a low angle of attack, end
hence the drag coefficient was low and the rate of descent was
high. The high rate of descent would naturally result in high
control forces.

The rate of descent lncreases a.pprecia'bly during the recovery
from a spin and also during the pull-ocut from the ensuilng dive.
Reference 8 indicates that the velocity gained during the return
to level flight can be diminished by pulling ocut rapidly, but
this procedure will give rise to hilgh lecad factors. Because
of the high initial velocity, skillful plloting would bde required
to avold exceeding either the safe load factor or the allowable
maximum airspeed for some of the larger alrplanes.

The load factors Aduring the steady spins ranged from about 1.5
to 2.7. As previously mentioned, these values are only approximate
because of the assumptions involved in their computation.

It should be realized th-at all the results presented were
obtalned with small-scale models and that the runge of values
obtained with full=scale alrplanes may be somswhat different.

The comparison between the general spin characteristics of
single-engine ali'craft loaded along the fuselage and multiengine
aircreft in the clean condition 1s as follows (values for single—
engine)a:lrcfaft loaded along the fuselage being taken from refer—
ence 3):




Attitude
Rate of descent
Angular rotation

‘Radius/span

Load factor dur=
ing steady apin

Relative effec-
tiveness of
controls in re-
covery

Alleron dls-
placement to
ald recoveory

Fuselage-Loaded
Single-Engine

" Bteep or flat: '

a,from3l|-°1.:o'77°_

Righ or lows
100 to 160 £ps

2.6 to 4.8
radians/sec

0.01 to 0.16
1.0 to 1.8

Rudder more ef-~
fective than
elevator

With spin

CONCLUIING REMARKS

Multlengine

Steep:

a from 220 o 4°
High:

1% to 340 fps

1'.9 to 3.8
radians/sec

0,07 to 0.29
14 to 2.7
Elevator more ef-

fective than
rudder

Against spin

An enelyeis of ell exlsting data Indicates that the differences
in spin characteristics of miltlengine alroraft and single-engine
aircraft with the mass distributed principally along the fuselage
are probably due mainly to the differences in mass distribution.

The dlmensional differences appear to be of secondary importance,
particularly since the spin characteristics shown hereln for the
single-engine elrplene with the mass distributed along the fuselage
have been found to persist over a wide range of dimensional variationes
Further specific research will be necessary, however, to isolate the
important elements and to determine Just which factors are responsible
for the reported differences.

Langley Memorial Aeronantical Laboratory,

National Advisory Committee for Aeronautics,

Langley Fleld, Va.



10

6.

7.

. REFERENOEE

Neihouse, A. I.: A Masa-Distribntion Oriterion for
Predicting the Bffect of Oontrol Manipulation on
the Recovery from a Spin, NACA A.R.R., Aug. 1942,

Francise, R. H.: Inteiim_Repbrﬁ_of Systematic Modsl
Hesearch in Fres Spins: Low-Wing Monoplanes.
R, & M. No. 1714, British A.R.C., 1936.

Seldman, Oscar, and Nelhouse, A. I.;} Freo-Spinning
Wind-Tunnel Testes of a Low-Wing Monoplane with
Eystematic Changes in Winge and Tails. II. Mass
Distributed along tha FPueolage. T.N. No. 630,
NACA, 1937.

Beldman, Osear, and McAvoy, William H,: ©Spin Tests of
& Low-Wing Monoplane in Flight and in the Froe-
Spinning Wind Tunnel. T.K, No. 769, RACA, 1940,

Seldman, Oscar, and Nelhouso, A. I.: ZXFreo-Spinning
¥Wind-Tunnol Tests of a Low-Wing Monoplane with Sys-
tematic Changes in Wings apd Tails. V. ZXEffect of
Alrplane Relativo Density. Rep. No. 691, NACA, 1940,

Seidman, Osecar, and Donlan, Charles J.: An Approximate
Spin Deslgn Criterion for Monoplanos. T.N. No., 711,
NACA, 1939,

Zimmerman, C. H.: Proliminary Tests in the N.A.C.A.
Free-Spinning Wind Tunnel. Rep. No. 557, NACA,
1936.

"Pearson, H. A,, and Garvin, J. B.3 Voeloocity Gained and

Altitude Lost in Rocoveries from Inclinod Flight
Paths, - T.Hﬂ No. 829, NACA, 1941. ..



TABLE Y

AIRPLANE DESIGN CHARACTERISTICS
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Nodel | Alrplane (:%E?:. b2/8 (p;gxggt) b/ky | b/ky /Ky iy ;:Yz by ;Zkzz kg’ ;kaz g:}q::t;‘ f,Siif:‘f)T‘éiZﬁ
1 YP-38 11,300 |8.30 | 25.L | 6.86| 8.27|5.3] 66 x 10|20k x 10 (138 x 10%| 8.66 [0.00051
2 YFN-1 18,150 |7.12 | 31.8 8.35 11,01 [6.88| 61 =129 68 k.93 .0061108
3 xpsP-1 | 8,640 |5.82 | 25.2 |6.56| 8.08(5.25| 76 -2l 137 8.85 | .001973
N XB-AB-3 | 4;,500 |5.85 | —— | 6.89| 8.83|5.47| 82 -206 123 T.1b .ooi735
5 A=20 19,050 (8.09 | 21.75 |8.11] 9.516.3,] -138 97 8.73 .00031)
é XPe50 10,450 |s5,8% | 20.5 6.45| 8.69(5.15/108 =2, 136 10.7 .00241
7 B-26 26,650 |6.9 .7 7.1 ] 7.08(5.20|-18 -171 189 8.7h .00@)517
Average :
:{.g:en 16,963 | 6.8, | 22.89 |7.2%| 8.78{5.66| 59 -187 127 8.25 .00108
1 to 7
s
;,i,:ﬂi 5,500 [5.75 | 25.31 | 9.69| 7.22|6.03!=-78 -81.5 164 8.8, .000085
Values .0601605 Tall A
gie,‘;‘;:' L,720 |6.00 | 25.0 | 9.:0] 7.22{6.02| =81 -a, 165 7.00 {.oooomn Tail B
3 .0 T211 C

f7atl damping power factor calculated according to method of reference 6.

it
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Chart 1 _ |
SPIN CHARACTERISTICS _ ; £
[Landing gear refracted; flap seffing neutral; rudder full with The spin prior to recovery attempt] Q
Model 1 Model 2 57 5 Model 3 ©)(e)
52| 4| 322 . )
- h3512.30 | oo () ~ 1
g 31y 1L 400 | [13]17 d
5 [2sle] ped24] |1s]e | 84
-2 27324 | <© - .
-7 : o 1420 Mo - |
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~ - T . F\i(;%(‘.%ﬁ ol " Vg - T
| ¢ S |
l 3 LA l L
-7 17 -7
N o
-~ - ~
// ~ d el -
ni‘hl N
&9)«3@9) a Turns for recovery by full rudder reversal alone.
Yok b Turns for recovery by full elevator reversal alone,
(Ojﬂ(""{ © High vertical velocity in excess of value noted, 9
R fload e d Wandering spin. 3_
Spanfactor @ Qscillatory spin. —

¥ No, indicates model would not spin. 9 oo, indicates model wouvld not recover.



[Landing gear retracted; flap setting neutral

Chart t - Continued

SPIN. CHARACTERISTICS

L-721
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; vudder full with 1he spin prior fo recovery attempt]$

A\

Mode!l 4

o0

oC
deg)

Weg)

f PS)

dians!
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“Turns for recovery by full rudder revercal alone
“Turns for recovery by full elevator reversal alone

-cHigh vertical velocm}; In excess of value noted
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No, indicates model weutd nel spr
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[Landing gear retracted; flap setting neutral; rudder full with the spin prior to recovery aT’rempT]:‘>
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Chart I:Concluded
OPIN CHARACTERISTICS
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Q Turns for recovery by full rudder reversal alone

b Turns for recovery by full elevator reversal alone
€ High vertical velocity in excess of value noted

d Wandering spin

€ QOscillatory spin

£ No, indicates model would not spin 9o, indicates model would not recover
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Figure 1l.- Three-quarter front view of 1/20-scale model of
" Lockheed YP-38 airplane.
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Figs. 2,3
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Figure 2.- Side view of 1/25-scale model of Bell YFM-1 airplane.

Figure 3.- Side view of 1/22-scale model of Grumman
XF5F-1 airplane,
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Figure 4.- Three-quarter rear view of 1/25-scale model of
Burnelli XB-AB-3 airplane.

Figure 5.~ Three-
quarter’
front view of 1/30-
scale model of
Douglas A-20 airplane.
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Figs. 6,7

Figure 6.- Three—quarter front view of 1/25-scale model
of Grumman XP-50 airplane.

Figure 7.- Three-quarter front view of 1/26-scale model
of the Martin B-26 airplane.
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